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information about 3D morphology and local distribution of a number of physical properties as well as about 3D 
distributions of compartments (i.e. nanoparticles and nanoclusters) in the volume of bio- and nanomaterials (Efimov et 
al. (2007); Alekseev et al. (2009); Alekseev et al. (2012); Mochalov et al. (2013); Efimov et al. (2012)). SPM 
measurements of biological objects after corresponding preparation and ultramicrotomy sectioning permit to study 
architecture and localization of macromolecular compounds in cells (Matsko (2007); Matsko and Müller (2004)). 
Therefore SPNT technology may be used as a powerful tool for study of cell internal nanostructures and nanomaterials. 
One of the prospective directions of advanced nanotomography development is visualization and study of 
nanostructure, topology and characteristics of systems of micro- and nanopores in the volume of micro- and nanoporous 
nateriels, including polymer biodegradable scaffolds – cell carriers. Such parameters as dimensions, degree of porosity, 
interconnectivity of pores and pore surface/volume ratio significantly influence on the efficacy of biodegradable 
scaffold applications for regenerative medicine, particularly on homogenity of cell distribution in scaffolds and 
efficiency of native tissue regeneration in vivo. Systems of interconnected pores in scaffold volume provide necessary 
exchange of substances between cells in the scaffold (Shirakigawa et al. (2012); Gao et al. (2006); Ho et al. (2004); 
Zong et al. (2005)). 
Fibroin, protein obtained from silk of Bombyx mori silkworm, is one of the most prospective materials for cell 
carriers and biodegradable bioengineering scaffolds. This material is characterized by a number of unique properties: it 
is easy to produce in needed quantities; it has high mechanical strength, and provides adhesion and proliferation of 
eukaryotic cells (Vepari and Kaplan (2007)). Fibroin scaffolds are easy to design and produce, and with use of several 
techniques one can obtain constructions with different microstructure. It was shown earlier, that three-dimensional cell 
macrocarriers from this material exhibit high biocompatibility, high adhesion and proliferation of eukaryotic cells on the 
surface and in the volume. Biodegradation of scaffolds, which is accompanied with neovascularization and 
neoinnervation, is observed after subcutaneous implantation (Moisenovich et al. (2012); Agapov et al. (2010)). 
In this work we report study of nanopore characteristics in the volume of biodegradable scaffold based on silk 
fibroin. 
2. Experimental 
2.1 Preparation of silk fibroin porous scaffold.  
Natural silk obtained from Bombyx mori cocoons was boiled for 1 h in 0.03 M NaHCO3 solution and then thoroughly 
rinsed with distilled water to remove sericin proteins. 15 mg of silk polymer was dissolved 50 mcl of a solution of 10% 
lithium chloride in 90% formic acid. The samples were agitated for 30 min at 40 ºɋ, and then the solution was 
centrifuged for 10 min at 11300 g. 50 mcl of supernatant was mixed with 110 mg of dry NaCl particles with diameter 
200-400 um. Then the disc scaffold was formed in cylindrical container 10 mm in diameter and 10 mm in height. The 
shaped scaffold sample was dried at room temperature and then treated in 96% ethanol for hours. The sample was 
degassed and sterilized and stored in 70% ethanol. 
2.2 Scanning probe nanotomography 
3D structure of the scaffold was studied with SPNT technique with use of NTEGRA Tomo system (NT-MDT  Co., 
Russia) which comprises an SPM and a Leica EM UC6NT ultramicrotome (Leica Microsystems GmbH, Austria) in one 
device [1]. Sample of the scaffold was embedded in epoxy resin. A series of ultramicrotome sections of the scaffold was 
performed with use of Diatome UltraAFM 35 diamond knife and consequent SPM measurements of the blockface 
surface after each section. SPM measurements were carried out in a semicontact mode with use of cantilever tips 
NSG10 (NT-MDT Co., Russia) with a characteristic resonant frequency of about 240 kHz and tip radus smaller than 10 
nm. SPM images were registered and aligned with each other and 3D structures were visualized and analyzed with use 
of ImagePro AMS 6.0 (MediaCybernetics Inc., USA) software package with 3DConstructor option. Characterization 
included visualization and statistical analysis of nanopore volume, distribution and interconnectivity. 
3. Results and discussion 
We have studied and visualized 3D nanostructure, topology and characteristics of nanopores in the volume of 
biodegradable fibroin scaffolds. Fig. 1 shows SPM topography image (8.0×8.0 um2) of blockface surface of fibroin 
scaffold after ultramicrotome section. Analysis of obtained 2D SPM images shows that nanopore dimensions on the 
surface of fibroin scaffold range from 30 to 200 nm, with the mean diameter of 50 nm. Density (number of nanopores 
on the unit area) and porosity degree measured are 2.4 μm-2 ɢ 0.5% correspondingly.  
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4. Conclusion 
Presented study demonstrates that scanning probe nanotomography method is effective for analysis of micro and 
nanostructure of biopolymer scaffolds made from Bombyx mori silkworm fibroin by salt leaching technique. Nanopores 
with dimensions in range from 30 to 180 nm are observed in the scaffold volume. Three – dimensional analysis of 
obtained data shows that degree of scaffold nanoporosity is 0.5% and nanopores are not interconnected with each other. 
Use of scanning probe nanotomography technique enables to obtain unique nanoscale information of 3D structure of 
biopolymer nanomaterials which is not provided by other microscopy methods. 
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